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the surface of excellent in wear resistance and 
corrosion resistance, etc., by coating a 
copper-based alloy material surface with Sn, 
performing a heat treatment and forming a high 
hardness Cu-Sn intermetallic compound 
appropriately on the surface treatment layer of 
trie copper-based alloy material, and to provide 
a manufacturing method for the copper-based 
alloy ,. 

[SUMMARY OF THE INVENTION] 

A copper-based alloy excellent in various 
characteristics such as high hardness, high 
strength, and high electric conductivity which 
forms a Cu-Sn film having a high hardness 
intermetallic compound on the material surface 
by coating a Cu-Ni-Sn-P group copper alloy or 
the Cu-Ni-Sn-P-(one or two more kinds in 
accessory constituents, such as Fe, Co, Zn, Ti, 
and Mg) group copper alloy material surface 
with Sn, and performing a heat treatment 
under predetermined conditions, and the 
manufacturing method thereof. 



[CLAIMS] 
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[CLAIM 1] 

A copper-based alloy characterized in having a 
high hardness intermetallic compound film of 
Cu and Sn on the surface. 
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~1 5%, S n : 0. 1~1 0%, 
P : 0. 0 0 5%~0. 5%& 

m^n^bt^'o , »cu 
t s n t<Dnm&m?$\k&m 



[CLAIM 2] 

The copper-based alloy which is 
characterized by containing Ni:0.1-15 
weight %, Sn:0.1-10 weight %, P:0.005 - 0.5 
weight %, and the balance consisting of Cu 
and inevitable impurity, and having an 
intermetallic compound film of Cu and Sn of a 
high hardness on the surface. 



m*m 3 1 



[CLAIM 3] 
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15%, S n : 0 . 1 ~ 1 0 %, 
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Ti, Mg, Zr, Ca, Si, 
Mn, Cd, Al, Pb, Be, 
T e, In, Ag, B, Y, L 
a , C r , C e , A u (D$$fr b 
mtftlZ 1 «£fcfi 2 @^±£ 

&fi-c o . o i ~ 4 o L, 
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The copper-based alloy which is 
characterized by containing Ni:0.1-15 
weight %, Sn:0.1-10 weight %, and P:0.005- 
0.5 weight %, and furthermore containing more 
than one kinds selected from the group of Fe, 
Co, Zn, Ti, Mg, Zr, Ca, Si, Mn, Cd, Al, Pb, Be, 
Te, In, Ag, B, Y, La, Cr, Ce, and Au in 0.01-40 
weight % in total, and the balance consisting of 
Cu and an inevitable impurity, and having an 
intermetallic compound film of Cu and Sn of a 
high hardness on the surface of the alloy. 



[»^4] 

m&&&<Dmumffi& s n 

<fc V , KSW^E(-C u t S n 



[CLAIM 4] 

A manufacturing method of a copper-based 
alloy, which is characterized by coating with Sn 
the surface of the copper-based alloy material, 
performing a heat treatment to form an 
intermetallic compound film of Cu and Sn fof a 
high hardness on the surface of the material. 



m>km 5 1 

MM.%\Zft^XN i : 0. 1~ 
15%, S n : 0. 1~1 0%, 
P : 0. 0 0 5~0. 5%£rg- 

mt.zz. kicxv, mmumm 



[CLAIM 5] 

The manufacturing method of the copper- 
based alloy, which is characterized by coating 
with Sn the surface of the copper-based alloy 
material containing Ni:0.1-15 weight %, 
Sn:0.1-10 weight %, and P:0.005-0.5 
weight %, also the balance consisting of Cu 
and an inevitable impurity, coating the copper- 
based alloy material surface with An to perform 
a heat treatment to form a high hardness 
intermetallic compound film. 



fiS%fc:*3V>-CN i : 0. 1~ 
15%, S n : 0. 1~1 0%, 
P : 0. 0 0 5~0. 5%£"a" 
f U Mt-F e, Co, Zn, 
Ti, Mg, Zr, Ca, Si, 



[CLAIM 6] 

The manufacturing method of the copper- 
based alloy, which is characterized by coating 
the surface of s copper-based alloy material 
containing Ni:0.1-15 weight %, Sn:0.1-10 
weight %, and P:0.005-0.5weight %, 
furthermore containing more than the one or 
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Mn, Cd, A 1 , Pb, Be, 
Te, In, Ag, B, Y, L 
a , C r , C e , Au<D%tJ)>tb 

m.mx> o.oi~4o u 

C u *3 «fc RfiS**fi4* 

[ft 7 ] 

tufSSntDfeWO. 5-20 
U mmX*h 9 , Mfk®M& 1 0 
0~6 0 OWMtO. 5~ 

2 4 ^wM^a^JS-r^ t 
6 iatt©«HS^©»5ifto 



two kinds selected from the groups of Fe, Co, 
Zn, Ti, Mg, Zr, Ca, Si, Mn, Cd, Al, Pb, Be, Te, 
In, Ag, B, Y, La, Cr, Ce, and Au for 0.01 to 40 
weight % in total amount, and the balance 
consisting of Cu and an inevitable impurity, 
performing a heat treatment to form a high 
hardness intermetallic compound of Cu and Sn 
on the surface of the copper-based alloy 
material 



[CLAIM 7] 

The manufacturing method of the copper- 
based alloy described in Claim 4, 5, and 6 
wherein the thickness of the above Sn coating 
is 0.5-20 micro meter, and the conditions of the 
heat treatment Is performed at 100-600 
degrees C for 0.5-24 hours. 



WIBffiS^t*3V>TN i : P 

<Dmm^ftmB.j$.itm& 5-5 
m 2 3 tm(Dmm&& 0 



[CLAIM 8] 

The copper-based alloy described in Claim 2 
or 3, wherein a composition weight ratio of 
Nii:P In the copper-based alloy Is 5 to 50. 



IfrfE^S^^feV^TN i : P 
(DMM'S^mS.^.itm^ 5~5 



[CLAIM 9] 

The manufacturing method of a copper-based 
alloy described in Claim 5 or Claim 6, which is 
characterized by having a composition ratio of 
Ni and P is 5:50 by weight in the above 
copper-based alloy. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1] [0001] 



[0H±»f [INDUSTRIAL APPLICATION] 

#3PJli> M^tefe (MJStXMR This invention relates to a copper-based alloy 
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(a copper and copper alloy is included, and 
hereinafter called "copper-based alloy ") and 
a manufacturing method thereof, and 
specifically, relates to a surface of copper- 
based alloy , for example, a surface of multi- 
pin connector used for the electrical wiring of 
motor vehicles, which connector Is frequently 
Inserted for many times and required to reduce 
friction, and a surface of motor brushes 
contacting with a rotator being required wear 
resistance, also a surface of battery terminal 
required wear-resistant & corrosion resistance. 



[0 0 0 2] 



[0002] 



o # & Lfc ^ * Tii&tM 
[0 0 0 3] 

©±K: 1 0 A^±<D*m»i5fc 
S n * o # WtK* o 



[PRIOR ART] 

As for the electrical wiring of various machine, 
complication and high integration progress by 
the growth of electronics in recent years. 

The multi-pin-formation of a connector is 
also progressing in connection with it. 

On the Sn plating connector, a friction for 
extraction and insertion becomes large, 
occurring problems of insertion of the 
connector become difficult. 



[0003] 

Moreover, the present electric vehicles need 
charging for once or more per day so that 
the parts of socket for charging are required to 
ensure wear-resistant, moreover there occurs 
a problem on a conventional method of Sn 
plating that the plated metal Is peeled off 
because of a large generation of heat caused 
by flowing a heavy current beyond 10A. 
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[0004] 

It becomes clarify that the above-mentioned 
problem can not completely be responded with 
the method of conventional surface treatment, 
Moreover, it was still not able to respond to 
the above-mentioned problem that, as 
proposed In this Invention, the technique 
performing a thermal diffusion after finished 
the surface treatment for a copper-based alloy 
was In existence but, because the 
conventional technique was only to prevent 
peeling of the surface treatment layer by the 
diffusion of a surface treatment layer under the 
Influences of processing or heating. 



[0 0 0 5] 



[0005] 



iffillSn^fcttSn^Mt 

u-Sn^&mmit&Vo (Cu 
S n, C u Snf) SrigjEHl 

* <otmm zmm-r st©^ 

<5o 



[PROBLEM ADDRESSED] 

This invention Is to solve the above-mentioned 
problems by proposing a copper-based alloy 
and the manufacturing method thereof, 
wherein the surface of a copper-based alloy 
material Is coated with Sn or Sn alloy, before 
performed a heat treatment thereto, and then 
formed appropriately a very hard Cu-Sn 
intermetallic compound (Cu3Sn, Cu4Sn, etc. ) 
on the surface of the surface treatment layer of 
the material. The surface of the copper-based 
alloy has, for example, a small coefficient of 
friction and excellent in wear resistance 
suitable for a connector, a charging socket of 
electric vehicle, etc. 



[0 0 0 6] 



[0006] 



3 s n <omm t t&tm 



[SOLUTION OF THE INVENTION] 

This invention was developed with a 
knowledge obtained that It Is able to positively 
form Cu-Sn intermetallic compounds (Cu3Sn, 
Cu4Sn, etc.) so that improve the surface 
hardness by limiting the thickness of Sn film 
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(C u S n, C u S n^) £ 

[0 0 0 7] 



and the condition of heat treatment, which 
Intermetallic compound was hard and 
impossible to manufacture with the PRIOR 
ART, and proposes a copper-based alloy 
excellent in the wear resistance with the small 
coefficient of friction of the suitable surface for 
the connector of motor vehicle, the socket for 
charging of electric vehicle, etc. and its 
manufacturing method thereof. 



[0007] 

That is, the invention of Claim 1 is "a copper- 
based alloy characterized In having a high 
hardness intermetallic compound film of Cu 
and Sn on the surface ", 



on 



[0 0 0 8] 

V^N i : 0. 1 %~1 5%, 
S n : 0. 1 ~ 1 0%, P : 0. 
0 0 5%~0. 5%&'£#U 

mw c u *3 i xi^m^mm 

frbteV, ^®{-C u t S n t 



[0008] 

the Invention of Claim 2 is "a copper-based 
alloy characterized In containing Ni:0.1%-15 
weight %, Sn:0.1-10 weight %, and P:0.005 - 
0.5 weight %, and a balance consisting of Cu 
and an inevitable impurity, and having a high 
hard intermetallic compound film of Cu and Sn 
on the surface thereof. 



[0 0 0 9] 

&l^TN i : 0. 1~1 5%, 
S n : 0. 1~1 0%, P : 0. 
0 0 5-0. 5%Sr£WU 5 
(CFe, Co, Z n , Ti, M 
g, Z r , Ca, Si, Mn, 
Cd, A 1 , Pb, Be, Te, 
In, A g , B, Y, La, C 
r, Ce, AuO»*»e>»ti*l 

3 i ttizf*2nsk±.&m*"? 

0. 0 1~4 0%^tt, gtffi 



[0009] 

the Invention of Claim 3 Is "a copper-based 
alloy characterized In containing Ni:0.1-15 
weight %, Sn:0.1-10 weight %, and P:0.005- 
0.5 weight %, furthermore contains more than 
one or two kinds selected from the group of Fe, 
Co, Zn, Ti, Mg, Zr, Ca, Si, Mn, Cd, Al, Pb, Be, 
Te, In, Ag, B, Y, La, Cr, Ce, and Au for 0.01 to 
40 weight % in total amount, also a balance 
consisting of Cu and a inevitable impurity, and 
having an intermetallic compound film of Cu 
and Sn of a high hardness on the Copper- 
based alloy ". 
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[0 0 10] 

*#£ffi£ C u i S n t <DM®i 

[0011] 

fc^tN i : 0. 1 ~ 1 5%, 
S n : 0 . 1 ~ 1 0 %, P : 0 . 
00 5-0. 5%£-^PrU 381 
C u *s J; Xf**S&*M,toi>* 

bi&zmm&&mwmm* s n 
[0012] 

&l^TN i : 0. 1 ~ 1 5%, 
S n : 0 . 1 ~ 1 0 %, P : 0 . 
0 0 5~0. 5%%ttU H 
CFe.'Co, Zn, Ti, M 
g, Zr, Ca, Si, Mn, 
Cd, A 1 , Pb, Be, Te, 
In, A g , B, Y, La, C 
r, Ce, Au<Dmfrbmt£tl 

0. 0 l~ 4 0%^fU 

j&s C u *3 J: RfilS^F *Mfc a» 
ric5«Bg£-&ifc#-^B5£ Snt 



[0010] 

the Invention of Claim 4 is "A manufacturing 
method of a copper-based alloy , wherein the 
method Is characterized In coating Sn on the 
surface of the copper-based alloy material, 
before performing a heat treatment to form an 
Intenmetallic compound fil, of Cu and Sn of a 
high hardness on the surface of the material" . 



[0011] 

the Invention of Claim 5 Is "the method 
characterized In containing NL0.1-15 
weight %, Sn:0.1-10 weight %, and P:0.005- 
0.5 weight %, and balance consisting of Cu 
and an inevitable impurity, before perform a 
heat treatment to form an Intermetallic 
compound of Cu and Sn of a high hardness on 
the surface of the material" . 



[0012] 

the Invention of Claim 6ls the manufacturing 
method of the copper-based alloy , wherein 
"the method Is characterized In coating Sn 
on the surface of the copper-based alloy 
material containing Ni:0.1-15 weight %, 
Sn:0.1-10 weight%, and P:0.005-0.5 weight %, 
furthermore, containing more than the one or 
two kinds selected from the group of Fe, Co, 
Zn, Ti, Mg, Zr, Ca, Si, Mn, Cd, Al, Pb, Be, Te, 
In, Ag, B, Y, La, Cr, Ce, and Au are for 0.01 to 
40 weight % in total amount, and the balance 
consisting of Cu and an inevitable impurity, 
before performing heat treatment to form a 
Intermetallic compound of Cu and Sn of high 
hardness on the surface of the material" . 
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n t©illMlflft-e 
[0013] 

£^0. 5~20#m, #3;L 

< fi 1 ~ 1 0 // mT\ StSf * 
L < 1 ~ 5 n mtfc t) % tiES 

1 0 0 ~ 6 0 OlCC&Jffil^lH 
0. 5~2 4NrW^»*L<, 
<fc "9 » * L < lifil 200-5 
0 0 °CT^aH#^ 0 . 5 ~ 2 4 

< 2 5 o ~ 5 o o •c-cm 
SNfIW 3 ~ l 0 l^llllottHT?* 

So 

[0 0 14] 
±E»*3®2, 3, 5Xfi6fE 
WUDZ&WiZiS^Xs Ni : PC 
lE^Jt^MS^Jt^T' 5 ~ 
5 0 (DfSIST'fcS £ t tW £ L 

[0 0 15] 



[0013] 

In the invention of above Claims 4, 5 or 6, the 
coated film thickness of Sn is 0.5-20 
micrometer, preferably 1-10 micrometer and, 
most preferably, it is 1-5 micrometer, and 
preferable heat treatment conditions after the 
coating Is a temperature of 100-600 degree C 
for 0.5-24 hours, more preferable, at 200-500 
degree C for 0.5-24 hours, and most 
preferable, at a temperature of 250-500 degree 
C for 3-10 hours. 



[0014] 

In the invention described in above Claim 2, 3 
5, or 6, a preferable weight percent ratio of 
Ni: P In the alloy is In the range between 5 -50. 



[0015] 



mm 



[EFFECT] 

Next, the content of this invention is specifically 
explained. 

First, the reasons for the selection of alloying 
elements for the copper-based alloy of this 
Invention and the limitation for the range of the 
content thereof are as follows. 



[0016] 

(1) N i 



[0016] 
(1)Ni 

Ni is an element contributed to the 
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improvement in strength of a material, 
elasticity, heat resistance, stress relaxation- 
resistant characteristics, etc. 

Furthermore electrical conductivity also 
improves by forming and carrying out the 
dispersion precipitate of P and the compound. 

Moreover, the Cu-Sn group diffused layer by 
the heat processing after a surface coating 
process can be formed effectively. 
Furthermore, a part of added Ni diffuses in a 
surface treatment layer side. 
Intermetallic compounds, such as Ni-Sn and 
Cu-Ni-Sn, are formed in the diffused layer - a 
boundary surface and improve strength, 
hardness, adhesion, corrosion resistance, etc. 



[0 0 1 7] 

tts 0 . 1 w t 

&3S"Cfc!K 1 
1:140. 1 ~ 1 



5 w t 

t\ N i <D<£ft 
5 w t %(Z)®H 



[0017] 

In order to demonstrate an above-mentioned 
effect, 0.1 wt % or more needs to be contained. 

When the content of exceeds 15 wt %, 
reduction of electric conductivity remarkably 
occur and becomes economic disadvantage. 

Therefore, a preferable content of Ni Is In 
the range of 0. 1 -1 5 wt%. 



[0 0 18] 

(2) Sn 

Snfi, »Cu-7 h y -ytf 

S n ^fi^ 0 . l w t %t£M 
-Cfc<, 10wt%^Si5i: 

l-10wt %©$5H:6S#f * L 



[0018] 
(2)Sn 

Sn is liquefied in Cu matrix of a material and 
improves strength, elasticity, and corrosion 
resistance. 

However, if Sn content is less than 0.1 wt %, 
the improvement in strength and elasticity is 
not enough. When exceeding 10 wt %, a 
reduction of electric conductivity and 
workability become remarkable. 

Furthermore there is a possibility of a 
reduction of migration-resistant property may 
occur. 

Therefore, the preferable content of Sn Is In 
the range of 0. 1 -1 0 wt %. 



[0 0 19] 



[0019] 
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(3) P 

PteN i t\kitm*W>&^X9r 

60 .L-fl»U P ©"^Jfcfls 0 . 
0 0 5 w t %*iffi'Cti±iE©2& 

&ivf\ 0. 5w 

t %&ig;L5 <t N i ##T-et> 

< 0 lot, Pfc^TittO. 
0 0 5~0. 5 w t%<Di 



(3)P 

By forming a compound with Ni, and carrying 
out the dispersion & precipitation, P Improves 
electric conductivity, strength, elasticity, and 
stress relaxation-resistant characteristics. 

However, if the content of P is less than 
0.005 wt %, an above-mentioned effect can 
not be obtained sufficiently. When It exceeds 
0.5 wt %, a reduction of electrical conductivity, 
workability, or a solder weather resistance will 
remarkably occur If there coexist Ni, and 
urthermore, causes a migration-resistant 
property to reduce.. 

Therefore, a preferable content of P is In the 
range of 0.005-0.5 wt %. 



p©*aj5fcjtfcov» 



LfcN i 



[0 0 2 0] 

(4) N i : 

X 

-asaSN i -PmfL-a-^SrffM 
-T 5 n b \z. «fc 9 ®fcfc3M!E«: f± 

ssjES^aft 

«H4«rlR]±i*tf 5 
5o loT, N i t PUMA'S 
ftm<Dit (Ni/P) ^rPS^-t" 
5©#$f£L<\ ^Ni/P 

5 0 ©*6H##* L.^0>T?*> 

So 

[0 0 2 1] 

(5) giM^-oV^T 
M^I'J/&#£ LT, F e, Co, 
Z n , T i , M g , Zr, C a , 
S i , Mn, C d, A 1 , P b, 
Be, Te, In, Ag, B, 
Y, La, Cr, Ce, A u CD 

moohi mztciz 2 msx±* 

0. 0 1~4 Ow t 



[0020] 

(4) On the composition ratio of Ni:P. 
In the copper-based alloy of this Invention, a 
part of P form Ni and P form N I- P group 
compound, and separate and precipitate 
uniformly and minutely, electric conductivity 
and strength, elasticity, and stress relaxation- 
resistant characteristics can be improved. 

Therefore, it is preferable to limit the weight 
percent ratio (Ni/P) of Ni and P, and prederable 
weight percent composition ratio is in the range 
of 5-50. 



[0021] 

(5) Accessory constituent 

Furthermore as an accessory constituent, to 
make 0.01-40 wt % of more than one or two 
kinds selected from the groups of Fe, Co, Zn, 
Ti, Mg, Zr, Ca, Si, Mn, Cd, Al, Pb, Be, Te, In, 
Ag, B, Y, La, Cr, Ce, and Au will Improve more 
the above mentioned various characteristics. 
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ot»4£tt£JEfci|nj±£tf3tf 

t^tti s fiTt50T, Z 
nO^ittO. 0 1 ~4 0 w 

So 



[0022] 

Zn Is not only improving further the metal 
plating weather resistance of a copper-based 
alloy here. There is an advantage of etc. 
economical since specific gravity is small, 
since the weight of this alloy decreasing and is 
cheap. 

However, when an additional amount 
increases, stress corrosion cracking-resistant 
property and electrical conductivity will reduce. 
Therefore, the preferable content of Zn Is In 
the range of 0.01 -40 wt %. 



[0 0 2 3] 

^OftilOTU^F e 
Ti, Mg, Z r 
Mn, C d, A 1 
T e, I n, A 1 
a, Cr, Ce, Aul 



C o 
C a 
P b 
B, 



Z n , 
, Si, 
, Be, 
Y, L 



[0 0 2 4] 

±!9»*LV^iBt LTfi, F 
e:0. 0 1~5wt% Co: 
0. 0 1~5 w t%, T i : 0. 

0 l~5w t%, Mg : 0. 0 

1 ~ 3 w t %, Z r : 0 . 0 1 
~3w t%, C a : 0. 0 1 ~ 
1 w t %, Si : 0 . 0 1 ~ 3 
w t%, Mn : 0. 0 1 ~ 1 0 
w t%, C d : 0. 0 1~5 w 



[0023] 

The content of the other elements, Fe, Co, Zn, 
Ti, Mg, Zr, Ca, Si, Mn, Cd, Al, Pb, Be, Te, In, Al, 
B, Y, La, Cr, and Ce and Au improve 
characteristics, such as strength and elasticity. 

Moreover, these accessory constituents are 
effective to improve strength, elasticity, and 
workability, without reducing the electric 
conductivity of the copper group of this 
invention. 



[0024] 

However as more preferable range for easy 
electric conductivity, moldability, and 
productivity, a preferable ranges are Fe:0.01 - 
5 wt %, Co:0.01-5 wt %, Ti:0.01-5 wt %, 
Mg:0.01 -3 wt %, Zr:0.01-3 wt %, Ca:0.01-1 
wt %, SL0.01 - 3 wt %, Mn:0.01 - 10 wt %, 
Cd:0.01 - 5 wt %, AL0.01 - 10 wt %, 
Pb:0.01 - 5 wt %, Be:0.01 - 3 wt %, Te:0.01 - 5 
wt %, ln:0.01 - 5 wt %, Ag:0.01 - 5 wt %, 
B:0.01 - 1 wt %, YO.01-5 wt %, La:0.01-5 
wt %, Cr:0.01-5 w t%, Ce:0.01-5 wt %, and 
Au:0.01-5wt%. 
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t %, A 1 : 0 . 0 1 ~ 1 0 w 
t %, P b : 0 . 0 1 ~ 5 w t %, 
B e : 0 . 0 1 ~ 3 w t %, T 
e : 0 . 0 1 ~ 5 w t %, In : 
0 . 0 1 ~ 5 w t %, A g : 0 . 
0 1 ~ 5 w t %, B : 0 . 0 1 
~ 1 w t %, Y : 0 . 0 1 ~ 5 
wt%, La : 0. 01~5w 
t %, C r : 0 . 0 1 ~ 5 w t %, 
C e : 0 . 0 1 ~ 5 w t %, A 
u:0. 01~5wt %-Cfc<5 0 

[0 0 2 5] 

(6) mm^(Dm^&^^> 

T C u t *l 5 

4 5 w t %-Cfc K) , £ 
fcCu-Sn ^mmt^m 
(C u S n, C u S n^) £: 

lift £ -fr 5 fc & h s 

C u fi'>& < t h 5 5 w t % ^ 



[0025] 

(6) The element added by Cu a large quantity 
as a copper alloy which can be industrially 
produced about the amount of copper 
components of a copper-based alloy is Zn. 

However, the maximum content is 45 wt %. 

Moreover in order to make Cu-Sn 
intermetallic compounds (Cu3Sn, Cu4Sn, etc.) 
form effectively, at least 55 wt % or more of Cu 
needs to be contained. 



[0 0 2 6] 



[0 0 2 7] 



[0026] 

The copper-based alloy adjusted as 
mentioned above is excellent heat-resistant, 
also resist enough the thermal diffusion In the 
next process after the coating, next process 

The forming of the intermetallic compound of 
Cu-Sn group by thermal diffusion Is effectively 
performed. 

[0027] 

The reason of the limitation for coated layer 
thickness and the condition of diffusion are 
described in the next.. 



[0 0 2 8] 

(7) Sn<Dffi.mW-£^\,^X 
Sn<D^S»i¥^^0. 5 /x m 



[0028] 

(7) On the coating thickness of Sn 
If the thickness of the coating of Sn is less than 
0.5 micrometer, corrosion resistance tends to 
reduce and the corrosion by H2S gas may 
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become a problem in particular, moreover, the 
layer of an intermetallic compound becomes 
thin and disadvantageous in respect of a 
physical property. 

When the thickness of Sn coating exceeds 20 
micrometer, the thickness of a diffused layer 
will become too thick . 

The reduction of moldability, causing a crack 
occurs at the time of a processing wil be 
observed, furthermore there may occur the 
problems, that Is, reduction of property of 
fatigue, economic disadvantage, etc.. 

[0029] 

Therefore, a preferable thickness of Sn coating 
Is In the range of 0.5-20 micrometer, and more 
preferable, 1-10 micrometer, and most 
preferable, it is In the range of 1-5 micrometer. 
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[0030] 

As the method of forming Sn film layer, well- 
known methods, such as electroplating, 
chemical plating, vapor deposition, and hot 
dippings and etc. are applicable. 

However, a electroplating and hot-dippings 
are preferable from a viewpoint of adhesion 
and uniformity of the coating layer, also 
economy. 
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[0031] 

Moreover, on Sn to be coated, it may be Sn-Pb 
alloy whose content of Sn may be of 50 % or 
more. 
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[0032] 

(8) Heat processing conditions 

In heat processing of less than 100 degree 
C, necessary time for the diffusion of Sn 
becomes too long and economically 
disadvantages. 

Moreover, If It exceeds 600 degree C, 
strength and hardness become reduce, since 
the copper-based alloy of a material begins 
to be soft in a short time. 
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[0033] 

About a heat-processing time, if it is less than 
0.5 hours, diffusing of Sn becomes 
inadequate and It Is Impossible to form an 
effective intermetallic compound, moreover, 
If exceeds 24 hours, it will be economically 
disadvantage and productivity will also be 
reduced. 
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[0034] 

Therefore, as heat processing conditions, 
processing time 0.5-24 hours are preferable at 
temperature 100-600 degree C. As a more 
preferable range, it is processing time 0.5-24 
hours at the temperature of 200-500 degree C. 
As most preferable range, it is processing time 
3-10 hours at the temperature of 250-500 
degree C. 



[0035] 

Moreover, since inactive or in particular a 
reducing atmosphere is not needed as 
atmosphere at the time of heat processing, it is 
economically advantageous. 
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[0036] 

By passing through an above-mentioned 
process, adhesion of the intermetallic 
compound and the material which were formed 
on the material surface can improve, and 
degradation of the characteristics of the 
material by the anneal can be prevented. 

Furthermore, since adhesion of a surface 
intermetallic compound and a material 
improves, peeling of the surface layer at the 
time of a bending process or an overhang 
processing and generation of a crack can be 
prevented. 

The problem of the difficulty workability of 
the clad plate said generally is also solved. 

[0037] 

Furthermore, if chemical preparations, such as 
pickling, or a buff applies the oxide film of the 
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heat processing back and the surface and it 
removes by mechanical process of etc, it is 
more preferable. 

By this skin layer removal, the improvement 
in the contact resistance value of one layer or 
soldering property can be desired more. 

Therefore, it is preferable to remove in 0.01- 
0.2 micrometres from the surface layer. 

Next, the Example of this invention is 
explained. 

[0038] 
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[Example] 

Example 1 

Heat processing was performed after 
coating with Sn this invention copper-based 
alloy No. 1-2 which has the chemical 
composition (wt%) shown in Table 1 , and the 
thing which respectively rolled copper-based 
alloy No.3 for a comparison to 0.3tmms 
(based on the electroplating using the sulfuric 
acid bath). 

This heat processing condition was made 
into Sn film thickness of 7.0 micrometres, the 
heat processing temperature of 350 degree C, 
and processing time 5 hours. 
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[Table 1] 



No. 


&&&& (*t%) 


Ni 


Sn 


P 


Zn 


Ni:Pit 


Cu 


1 
2 
3 


1.07 
1.01 


0.92 
0.52 


0.050 
0.037 


30.49 


21.4 
27.3 


m $ 

® sn 
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[0040] 

The test materials were obtained by the above 
mentioned method, and a hardness, a stensil 
strength, a spring limitation, and an electric 
conductivity are measured, respectively 
according to JIS-Z-2344, JIS-Z-2241, JIS-H- 
3130, and JIS-H-0505. 



[0041] 

Bending workability was also measured by 90 
degrees W bending test (CES-M-0002-6, R=0.2 
mm, a perpendicular direction and a rolling 
direction). The evaluation of the test materials 
are; circle mark for the test material having 
favorable mountain surface of a center section, 
DELTA mark for its winkle occurring, and X 
mark for its crack occurring. 

Erichsen test for the overhang workability 
was performed according to JIS-Z-2247A. 



[0042] 

The results of the above measurement are 
shown in Table 2. 

From the results of Table 2, the surface 
hardness of the copper-based alloy No.1 and 
No.2 of this invention are remarkably improved, 
and the balance between the tensil strength, 
spring limitation value, electric conductivity, 
and overhang workability are favorably 
excellent. 

Therefore, the copper-based alloy have an 
characteristics excellent in usage such as a 
connector, and a charging socket. 

On the other hand, the comparison alloy No.3 
out of the component range of this invention 
turns out that the alloy becomes soft and the 
hardness and the tensil strength of the alloy 
remarkably reduce at the time of heat 
treatment. 
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[Table 2] 



No. 




(Hv) 


mm) 

(Hv) 


(N/ram' ) 


W/m*.) 


m « * 

(SIACS) 


90* 

WEffltf 


A (nun) 


i 


jaam 


1 63 


1 74 


527 


440 


39. 0 


O 


5. 5 


mm 


5 1 0 


180 


504 


442 ' 


38. 6 


A 


4. 9 


2 




1 53 


166 


49 0 


39 2 


46. 2 


O 


5. 2 




535 


1 72 


463 


402 


45. 0 


A 


5. 1 


3 




1 60 


1 6 5 


5 1 3 


2 55 


2 6.9 


0 


7. 8 


9mm 


485 


1 4 5 


3 70 


242 


2 7. 1 


A 


9. 8 
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[0044] 

Example 2. 

On the alloy No.1 of this invention, when 
changing the conditions of a plating thickness 
and the heat treatment, the hardness, the tensil 
strength spring limitation value, electric 
conductivity, bending workability, and overhang 
workability are measured like Example 1 . 

The test result is shown in Table 3. 



[0045] 
[Table 3] 
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^:3<Dl$^frh^ ^ffi^LS^t^ From the result of Tab,e 3 » surface hardness 
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improvement in the surface hardness, base 
material hardness, and spring limitation value 
are observed. 
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[0047] 

However, when shifting from the conditions of 
the invention, the characteristics of the surface 
and the material cannot be revealed enough. 

For example, in case of heat treatment 
temperature of of 700 degree C and f plating 
thickness of 7 micrometer, it is softened at the 
time of heat treatment, and the material 
hardness, tensile strength, spring limitation 
value, and bending workability are deteriorated 
remarkably. 

Moreover, in case of heat treatment 
temperature of 350 degree C, it turns out that 
bending workability is deteriorated remarkably 
by 22 micrometer of plating thickness. 

[0048] 

Therefore, the copper alloy based on this 
invention has the excellent various 
characteristics applicable enough to the usages 
for the connectors, for chargings sockets, etc. 
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[EFFECT OF THE INVENTION] 

From the above mentioned Example, the 
copper-based alloy of this invention has clearly 
a high strength, high elasticity, and high 
electric conductivity, and the copper alloy is 
excellent in bending workability and overhang 
workability suitable for connector and charging 
socket. 

With the copper-based alloy of the 
invention, the connector material 
corresponding to recent electrical apparatus of 
motor vehicle becoming higher and higher- 
precision, and electric charging material 
corresponding to the motor vehicle requiring a 
large current charging of electric motor vehicle 
can be manufactured. 
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[0050] 

Moreove, since the copper-based alloy 
manufactured by the method of this invention 
has the above excellent characteristics in the 
wear resistance and the corrosion resistance, 
it can be utilized for many fields.as an electricity, 
an electronic component material, or a structure 
material with such characteristics. 
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